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Five papillomas, five leukoplakias, and six carcinomas 
were investigated for the presence of papillomavirus 
group-specific antigens and viral DNA. Viral proteins 
were identified with genus-specific papillomavirus an-
tibodies. Cloned human papillomavirus (HPV) 11 and 
16 DNA were used as probes in Southern blot hybridi-
zation at conditions of different stringency in order to 
determine viral DNA. 
Four of five papillomas, four of five leukoplakias, and 
three of six carcinomas reacted with HPV DNA probes 
and revealed some stained cells after exposure to HPV 
antibodies. HPV type 16 was found in one carcinoma 
and HPV type 11 was demonstrated in another case of 
carcinoma. 
Oral p a pill o mas a nd leukopla kias represent benign epit helia l 
proliferations of t he oral mucosa. Whereas papillomas a re 
ge n e ra lly pedunculated lesions, leukopla kias are whi te patc hes 
or pla ques t hat cannot be c ha racterized clinically or pat holog-
ically as a ny other disease (1]. 
The re a re ho moge nous and nodul a r leukoplakias, the nodula r 
types carry ing a higher ris k of m a lignant t ra nsformation [2]. 
Invasive ora l ca rcinomas a rise fro m 2-6% of leukopla kias with 
severe dysplasia [3,4] . 
At t he ul t rast ructura l level, vira l p a r t icles were occasiona lly 
fou nd in o ra l papillomas [5] . U n t il now, v iruses were never 
demo nstrated in o ra l leu kopl a kias. 
It is t he m e ri t of mode rn m olecul a r hybridi zation techniques, 
t h at huma n pa pillo mavirus (HPV) DNA has been ide ntified in 
several prol iferative ep ithelia l processes of skin, a nogenita l and 
laryn geal mucosa [6] . In a previous study, we showed by means 
of genus-spec ific papi llomavirus a n t ibodies that viral proteins 
are present in ora l pap ill om as a nd leukoplak ias [7]. For t he 
present investigation of benign a nd m a ligna n t epithelial lesions 
of t h e oral cav ity, virologic and immunologic methods we re 
combined a nd directed to the de mo nstratio n of vira l DNA and 
vira l structura l proteins a nd t he dete rmination of papi lloma-
virus typ es . 
MATERIALS AND METHODS 
Tissues 
Five cases of oral papillomas, 3 cases of homogenous leu koplakias, 1 
case of stomatit is nicotinica palati, 1 nodular leukoplakia , 6 cases of 
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invas ive oral carcinomas (3 of them associated with leukoplakic lesions) 
were investigated (Table I). 
All biopsies were quick-frozen in liquid nitrogen. Every biopsy was 
analyzed by routine staining, immunohistology, and molecular hybrid -
ization. 
HPV Antisera 
Immune sera against HPV raised in guinea pigs and rabbi ts were 
kindly provided by Y. Chardonnet, Lyon, and G. Orth, Paris, France. 
I mm.unofluorescence 
Indirect immunofluorescence was performed as previously described 
[7]. Briefly, primary ant ibodies were diluted at 1:100 in phosphate-
buffered saline (PBS) (pH 7.2) and incubation with first-layer antibod-
ies fo r 45 min was followed by incubation for 45 min with app ropriate 
secondary ant ibodies coupled with fluorescei n isothiocyanate (FITC) 
(Medac, Hamburg, F.R.G.; dilution 1:20 in PBS). Between all steps 
slides were t horoughly rinsed with PBS. Sections were examined with 
a Zeiss fluorescence microscope. The light source was an HBO lamp 
with an FITC interference fil te r. Photomicrographs were taken on 
Kodak Ektachrome, ASA 400 film (Kodak, Rochester, New York). 
Normal skin and warts, negative for viral DNA were not stained by 
immune sera either from guinea pigs or rabbi ts. In addition, normal 
oral mucosa (3 cases) and oral les ions of lichen planus (6 cases showing 
hype rkeratosis and hypergranulosis) were used as negative controls. 
DNA Hybridization 
The DNA was extracted from the frozen tumor mate ria l, cleaved 
with the restriction endonuclease Bam HI and, if enough material 
ava ilab le, also with Pst I, then electrophoresed into a 1% agarose gel 
[8]. Afte r staining with ethidium bromide the DNA was denatured in 
situ and t ransferred to a nit rocellulose filter according to the method 
of Sout hern [9]. 
The fil te rs were prehybridized with yeast tRNA and t hen, under 
nonstringent conditions (Tm-40"C), hybridized wi th 32P-labeled HPV 
DNA 11 and 16, respectively, which allows the detection of more 
distantly related HPV sequences, and exposed to an x-ray fi lm . After 
a wash at stringent condi t ions (Tm-20"C) t he fil ters were exposed 
again. Now, only HPV types ident ical with or very closely related to 
the radioactive probe could be detected [1 0]. 
RESULTS 
Huma n ora l biopsies fro m 16 individuals were investigated. 
The clinical data a nd t he clinica l and pat hohi sto logic diagnosis 
a re s hown in Table I. 
Papillomas 
All 5 cases of o ral papillomas we re located at t he ha rd palate. 
There was no a lcoh ol or nicotine a buse in the history of t hese 
patients (Table l) . 
The pedunculated oral papillomas displayed verrucous or 
s mooth surfaces. The broadened papillomatous ep it helium cov-
ered na r row sta lks of connective t issue. At t he surface of t he 
stratifi ed epi t he lium som e vacuo lated keratinocytes were seen . 
These ballooned ce lls reacted wi t h HPV a n tibodies. Staining 
of kerati nocytes was regarded as positive if clearly con fined to 
t he nuc le i. ln t he cellula r DNA of 4 of t he 5 ora l papillomas, 
HPV DNA seque nces were iden t ified by mo lecular hybridi za-
t ion unde r no nstringen t conai t ions . A fu rt her cha racterization 
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TABLE I. Summary of investigated tissues: clinical and pathohistologic data and HPV reactivity 
Case Age Sex Diagnosis Localization 
1 39 M Homogenous leuko· Floor of the mouth 
plakia 
2 51 M Homogenous leuko- Buccal mucosa (right) 
plakia 
3 51 F Homogenous leuko- Tongue (right) 
plakia 
4 67 M Stomatitis palati Hard palate 
5 41 M Nodular leukoplakia Lower lip (middle) 
6 59 M Erythroplakia Tongue (right) 
7 57 M Carcinoma/leuko- Buccal mucosa (right) 
plakia" 
8 58 M Carcinoma/leuko- Floor of the mouth 
plakia" 
9 66 M Carci noma/ leuko- Buccal mucosa (left) 
plakia" 
10 66 F Carcinoma Buccal mucosa (right) 
11 74 M Carcinoma Floor of the mouth 
12 18 F Papilloma Borderline between hard 
and soft palate 
13 52 M Papilloma Borderline between hard 
and soft palate 
14 59 F Papilloma Borderline between hard 
and soft palate 
15 63 F Papilloma Borderline between hard 
and soft palate 
16 66 M Papilloma Borderline between hard 
and soft palate 
"With leukoplakic aspect. 
I> HPV type. 
FIG 1. Macroscopic aspect of an oral carcinoma of the buccal mu-
cosa associated with leukoplakia and positive for HPV (case no. 9, 
Table 1). 
of t hese sequences was not possible due to the low amount of 
cellular DNA. 
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Leukoplakias of the homogenous (3 cases) and nodular (1 
case) types were distinguished (Table 1). The white lesions were 
covered by a hyperplastic epithelium showing a hyperkeratotic 
surface. Both ortho - and parakeratosis were seen. Epithelial 
stratification was generally not disturbed. At the epithelial 
surfaces few ballooned cells were observed. Those cells were 
reactive with HPV antibodies. 
By DNA hybridization under nonstringent condjtions, HPV 
DNA sequences were detected in 4 out of 5 benign leukoplakic 
lesions. Only 1 homogenous leukoplakia was negative for viral 
proteins and viral DNA. 
FIG 2. a, Typical histologic aspect of a highly differentiated keratin-
ized oral carcinoma (case no. 7, Table 1) , appearing clinically as a white 
lesion. Invasive tumor cords contain central horn pearls (X 63). b, 
Higher magnification showing some typical ballooned (koilocytic) ke-
ratinocytes (arrow) (x 400). 
Oral Carcinomas 
Oral carc inomas were divided in to cases associated with 
leukoplakia (3 patients, Fig 1) and those without the aspect of 
a leukoplakic lesion at the time of diagnosis (3 patients, Table 
1) . One of the latter cases appeared clinically as erythroplakia. 
All carcinomas associated with leukoplakia were highly kera-
tinized tumors (Fig 2a.,b) in contrast to the other group of 
carcinomas which showed a moderate to low degree of keratin-
ization. 
Reactivity with HPV antibodies was seen in 3 carcinomas, 2 
May 1985 
of them being highly keratinized tumors with a leukoplakic 
aspect. In t hose cases few positive keratinocytes occurred pre-
dominantly at the tumor surface (Fig 3a,b). 
By DNA hyb ridization under nonstringent condit ions, 3 of 
the 6 cases were positive for HPV DNA. Due to the limited 
amount of tumor material , typing was possible in only two 
cases of the carcinoma biopsies. By restriction enzyme analysis 
and by washing under stringent conditions (Fig 4), HPV 11 
and HPV 16, respectively, were identified in 2 individual spec-
imens. One ca rcinoma associated with leukoplakia contained 
HPV 16 (Table I, no. 7) and another one without accompanying 
leukopla kia HPV 11 DNA (Table I, no. 10). 
DISCUSSION 
Epithelial proliferations of the oral mucosa can be looked at 
from etiologic viewpoints, clinical aspects, biologic behavior, 
and morphologic patterns. 
For papillomas, viral etiology was suggested 17 years ago 
[5,11) . Recently, virus-associated antigens were demonstrated 
w ith antibodies against detergent-disrupted viral capsids [12]. 
These antibodies react with papilloma viruses of different 
origins and types, i.e., t hey can be used for labeling of cuta-
neous, anogen ital, laryngeal, and oral papillomas [7,13]. 
Stomatitis nicotinica palati represents (as the term implies) 
a lesion of t he palatal epithelium found in heavy smokers [2]. 
FIG 3. a, Indirect immunofluorescence (case no. 7, Table 1): staining 
with papillomavirus antibodies. Keratot ic surface epithelium (SE) is 
underlined. Small arrows point to nuclear staining of superficial kerat-
inocytes. Invasive tumor (TU) including keratinized areas. At this 
location there is nuclear reactivity with papillomavirus antibodjes 
(broad arrow) (X 63). b, Higher magnification of nuclear labeling at the 
keratotic surface of oral carcinoma (X 400). 
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FIG 4. Blot hybridization of DNA from 2 oral carcinomas afte r 
cleavage with Pst I under nonstringent conditions with 32P -labeled 
HPV 11 DNA. Lane a shows the cleavage patte rn of HPV 16 afte r 
hybridization with HPY 11 under nonstringent conditions. This label 
djsappeared after washing at higher temperatures [1 0]. Lane b shows 
the cleavage pattern of HPV 11. 
To our knowledge, viruses were never found in t hese white, 
broadly based oral lesions. 
For leukoplakias, exogenous noxious agents (tobacco, alcohol) 
are known to play an etiologic role [2- 4] . It was only recently 
that some of these lesions were found to be reactive with the 
aforementioned papillomavirus antibodies [7]. Follow-up stud-
ies showed that a small percentage of leukoplakias carry a high 
risk of malignant transformation [14). Even established oral 
carcinomas can appear as white lesions and can be accompanied 
by leukoplak ias. 
In ora.l carcinomas, long-known epidemiologic data support 
the etiologic relevance of certain habits (tobacco, betel chewing, 
alcohol). In addition, there are some investigations of herpes 
simplex virus and viral antibodies which lead to the speculation 
of viruses of the herpes group as causative factors in oral 
carcinogenesis [14]. Recently, Eglin and coauthors [15] de-
scribed the presence of RNA complementary to herpes simplex 
virus in oral carcinomas. Unti l now, the occurrence of papillo-
mavirus-related DNA had not reported. 
All cases positive for HPV were reexamined for the occur-
rence of so-called koilocytotic cells which designate epithelial 
cells with ballooned cytop lasm and irregular nuclear contours. 
From studies of papillomas of skin and anogen ital and laryngeal 
mucosa, it is known that those koilocytotic cells contain viral 
proteins [7,13,16- 19,22,24]. The lesions presented in this study 
to be positive for HPV revealed very few koilocytotic cells. This 
finding is consistent with observations on mucosal papillomas 
and premalignant and malignant lesions of the cervix and may 
be due to t he rare development of complete virus particles in 
t hese organs [5,9,11,16-23). In contrast, cutaneous warts con-
tain always a high number of those ballooned keratinocytes 
and a large amount of complete virus particles [24 ,25). 
The genus-specific papillomavirus antibodies described are 
reactive with internal structural proteins in all mucocutaneous 
papillomas so far tested [12]. In t he cervix, about 50- 60% of 
lesions supposedly induced by papillomavirus are stained with 
these antibodies [16,18,19]. Even these positive lesions contain 
few keratinocytes revealing nuclear labeling. The same obser-
vation was made in our cases. Cytoplasmic stainings can occur 
[7,13] and may be due to cross-reactivities with stratum cor-
neum proteins. Our finding of reactiv ity of some oral carcino-
mas with papillomavirus antibodies was surprising taking into 
consideration t he dogma that, in non productively infected cells, 
no viral replication takes place and, thus, structural viral pro-
teins should not be p roduced [26] . However, this concept is 
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based prima rily o n cell cul t ure s tudies. In vivo, solid tumors , 
e.g., squa m o us cell carcino m as, a re heteroge n ous a nd frequ e n t ly 
include epithelial a reas with retained layerin g a nd keratiniza-
t io n. ln t hose p a rts of t he t umo r, which a re usua lly located at 
t he surface, koi locytic c h a n ges can a ppear , a nd predomina n t ly 
h e re, reactivity with p a pillomavirus antibodies was reported by 
us a nd other a u t h o rs [7 ,27]. 
Except fo r o n e papilloma case t h e re was no discrepancy 
betwee n immunohis tologic results vs m o lecul a r viro logic find -
in gs. In this particula r case negative DNA hybridi zation could 
be due to t h e loss o f v irus- infected t issue during t h e desc ribed 
cu tting of t h e frozen m ateria l. In the majority of cases only 
hy bridizat io n unde r n on stringent co ndi tion s was pe rform ed to 
s h ow the prese nce of HPV ge nom es. Further characterization 
o f t hose sequences was not p ossible s ince only a low q uant ity 
o f ce llular DNA could be gained from t h e us u a lly very s m a ll 
biops ies. 
T he prese n ce o f HPV 11 in oral lesio n s is in line with the 
prevale n ce o f thi s virus or a c losely re lated type in la ry n geal 
pap illomas [8,23 ]. Whe reas HPV 16 is present in a high pro-
p ortion of gen ita l cancer [10] a nd has been suggested to p lay a 
causative ro le in t he etio logy of these tumors, additio n a l info r-
matio n is required to de term ine a s imil a r association of t his 
particul a r papilloma virus type with ora l ca rci n o m as. 
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